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ABSTRACT 
Hunting has been declining as a pastime throughout the United States for decades.  If this 
trend persists, it could have serious implications for the continuation of some wildlife agency 
programs that depend on hunters for political, financial, or harvest related support.  In response, 
agencies have attempted to reverse this trend by focusing on providing quality hunting 
opportunities.  However, there is little information examining the many factors (e.g., hunter 
experience, hunter space use, animal behavior) and interactions leading to hunter success and 
satisfaction.  To improve the quality of hunting opportunities, the factors leading to hunter 
success (harvesting a game species) must be identified and understood.  I investigated the 
behavior of both Ring-necked Pheasants (Phasianus colchicus) and hunters at two Pheasant 
Habitat Areas in central Illinois, which are owned and managed by the Illinois Department of 
Natural Resources to provide pheasant hunting opportunities and conserve grassland wildlife.  
To assess the behavior of pheasants, I radio-tagged male and female pheasants and established an 
Automated Radio Telemetry System on each site, which allowed for frequent tracking (every 3-5 
min) of radio-tagged pheasants.  To assess the behavior of hunters, they carried GPS units during 
their hunt and completed a pre- and post-hunt intercept survey.  I also established a system of 
autonomous microphone recorders on the sites to identify gunshots. Hunters were generally 
satisfied with their hunt, and the number of pheasants harvested was positively correlated with 
satisfaction.  Seven factors were identified leading to hunter success: previous site experience, 
time spent hunting, party size, number of dogs, day of the year, precipitation, and wind speed. 
There was also a difference in space use between experienced and inexperienced parties, with 
experienced hunters being more likely to be in areas with radio-tagged pheasants, this may 
explain some of the variation in harvest.  The probability of a hunter encountering a pheasant 
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remained approximately constant throughout the day, whereas the probability of a pheasant 
encountering a hunter increased throughout the day as pheasant activity increased (movements 
per hour).  The number of gunshots increased hourly during the early morning, suggesting the 
increase in pheasant activity is leading to an increased detection of pheasants by hunters.  
However, after 10:00 AM the number of shots fell with decreasing hunter effort.  Hunting 
provides critical resources for habitat acquisition and management, and while hunters at the two 
study areas were generally satisfied, there are several factors that could improve hunting.  To 
improve their probability of harvesting pheasants, hunters should consider hunting in larger 
parties with experienced hunters and dogs. Finally, pheasant became more active as the day 
progressed thus hunting later in the day should also increase the probability of harvesting 
pheasants. 
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GENERAL INTRODUCTION 
 
Hunting plays a critical role in conservation worldwide (Schwartzman et al. 2000; Bruner et 
al. 2001).  Hunting is important in many traditional cultures and incorporating the values and 
needs of the peoples who rely on these resources is essential to conservation (Gibson & Marks 
1995; Schwartzman et al. 2000).  Yet even as hunting is embraced in some areas (Gibson & 
Marks 1995), hunting has declined as a pastime and as a focus for conservation in America for 
decades (Enck et al. 2000; Winkler & Warnke 2012).  Wildlife managers across the country rely 
on hunters both to manage nuisance animal populations and to provide funding for management 
(Winkler & Warnke 2012).  As a result, the recruitment and retention of hunters has become a 
growing priority for wildlife agencies (Enck et al. 2000).  This has often emphasized improving 
the quality of hunting opportunities and reducing the complexity of regulation surrounding 
hunting (Miller & Vaske 2003), but these efforts have been confounded by decreasing public 
support and approval of hunting (Mankin et al. 1999; Winkler & Warnke 2012).  These many 
factors and dynamics combine to make the future of hunting a complex issue, and a solution will 
need to be as multifaceted as the problem. 
 In the United Stated, hunting has a tremendous economic impact, accounting for $66 
billion in overall economic output and $9.2 billion in local, state, and federal taxes.  Between 
taxes and private individual donations, hunters directly invest $1.3 billion each year to preserve, 
protect, and enhance both wildlife populations and the broader environment (Southwick and 
Associates 2007).  In Illinois in 2011, hunters spent a total of $1.2 billion in trip-related expenses 
and equipment; more than the $972 million spent by 1,044,000 anglers and similarly to the $1.3 
billion spent by 3,019,000 wildlife watchers.  Compared to anglers and wildlife watchers, the 
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economic contribution per hunter is greater at $2,298 per person (U.S. Department of the 
Interior, U.S. Fish and Wildlife Service, U.S. Department of Commerce 2011). 
 During the 2013-2014 hunting season, 281,399 hunting licenses were sold in Illinois, and 
an estimated 37,066 hunters pursued Eastern Cottontail (Sylvilagus floridanus), 10,779 pursued 
Northern Bobwhite (Colinus virginianus), and 14,940 pursued Ring-necked Pheasant (Phasianus 
colchicus).  An additional 6,052 hunters pursued non-wild quail, while an additional 24,395 
hunters pursued non-wild pheasants (i.e., “put and take” individuals), indicating that overall 
hunter demand for these species may be greater than is indicated by the number of hunters who 
pursued wild quail and pheasant alone (Stephenson et al. 2014).  This may indicate a higher 
overall demand for upland game.  Participation in upland game hunting is critical, as small game 
hunting is recognized as important in the recruitment and retention of new hunters (Enck et al. 
2000), while grasslands and grassland wildlife are of particular conservation concern (Warner 
1994; Herkert 1995; Laliberte & Ripple 2004).  Following to the 2013-2014  hunting season, 
28% of all hunters surveyed for the 2013-2014 Hunter Harvest Report indicated they relied 
exclusively on Free Upland Game Permits (provided by the Illinois Department of Natural 
Resources to hunt public land) to hunt pheasants (Stephenson et al. 2014). 
 To meet the demand for hunting opportunities and aid in the recruitment and retention of 
hunters, the Illinois Department of Natural Resources (IDNR) manages 182 public hunting and 
trapping areas across the state.  Of these, 116 have previously been or are currently funded by 
The Federal Aid in Wildlife Restoration Program (resulting from the Pittman-Robertson Act of 
1937 – a cost share program administered by the U.S. Fish & Wildlife Service).  In total, Illinois’ 
hunters harvested 31,982 pheasants during the 2013-2014 hunting season (Illinois Department of 
Natural Resources 2013).   
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 Given interest and value of hunting it is imperative that we understand the factors that 
contribute to successful hunts.  It is likely that the probability of a hunter harvesting an 
individual is both a product of the behavior of the hunter and game species.  I investigated the 
behavior of both hunters and a game species (i.e., Ring-necked Pheasant) to understand the 
factors that lead to hunters harvesting a pheasant, the factors that hunters associate with a 
satisfying hunt, and how the behavior of pheasants leads to the probability of coming into contact 
with a hunter.  
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INTRODUCTION 
Hunting is a popular pastime and plays a critical role in funding conservation by 
generating funds through license and permit fees, as well as taxes applied to the purchase of 
firearms and ammunition (Southwick and Associates 2007; Winkler & Warnke 2012).  Despite 
the popularity of hunting and the efforts to increase populations of game species, abundances of 
some game species have declined in recent decades (Warner 1994; Herkert 1995).  Similarly, 
participation in hunting (Winkler & Warnke 2012) and public support of sport hunting have 
declined (MacKay & Campbell 2004).  These declines could result in a negative feedback loop, 
where declines in game species populations reduce hunting interest, resulting in fewer funds for 
game species management and, thus, further declines in populations of game species.  While 
declines in game species and fewer hunters may not concern advocates for the conservation of 
non-game species, much of the habitat for non-game species is established either directly or 
indirectly to benefit game species (Enck et al. 2000; Southwick and Associates 2007). Therefore, 
declines in game species and hunting participation could have significant impacts on 
maintenance of entire ecosystems.   
Upland game species relying on grassland, including the Northern Bobwhite (Colinus 
virginianus), Ring-necked Pheasant (Phasianus colchicus), and Eastern Cottontail (Sylvilagus 
floridanus), have experienced long-term declines across the Midwest (Brennan 1991; Herkert 
1995; Williams et al. 2003).  In addition, numerous non-game grassland bird species have also 
experienced precipitous declines, as changes in agricultural practices and landscape use have 
replaced native grasslands (Anderson 1970) and led to a region dominated by corn (Zea mays) 
and soybeans (Glycine max) (Warner 1994; Porter & Linderman 2013).  While it is likely that 
the loss of habitat is the key driver in grassland game and non-game species declines, reduced 
interest and participation in hunting contributes to diminishing funds for land acquisition and 
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management.  This trend is particularly relevant to these grassland species, as small game 
hunting opportunities form an essential component of the recruitment and retention of future 
hunters (Enck et al. 2000).   
There are multiple reasons why people engage in hunting: hunting traditions (Enck et al. 
2000), food, and sport (Mankin et al. 1999).  Similar to how the motivations to hunt differ, a 
hunter’s perception of a high-quality hunting experience may differ.  Hunters may attribute a 
high-quality hunting experience with the number of individuals they harvested, the number of 
individuals harvested by their hunting party, or other factors associated with the day they hunt 
(e.g., weather, their expectations, their previous experience hunting at the site) (Miller & Graefe 
2001).  While it is likely that the factors associated with why individual hunters consider a hunt 
“successful” vary, the harvesting of individuals must rate high with most hunters. The 
probability of harvesting most game species is a product of the behavior of both the hunter and 
the game species.  By understanding both the behaviors of hunters and the game, it may be 
possible to improve and ultimately promote hunting, and thus provide additional resources for 
management and conservation.  
I used a variety of methods to understand the behavior and satisfaction of hunters and the 
behavior of the species being hunted. The first goal of this research was to determine the factors 
associated with a favorable hunting experience.  To address this goal, I surveyed hunters before 
and after hunting. The second goal was to determine if the behavior of the hunter or the game (in 
this situation, Ring-necked Pheasants) was most responsible for driving the probability of being 
harvested.  To address this goal, I equipped hunters with GPS units, used automated acoustic 
recorders to detect gunshots, radio-tagged pheasants, and used an automated radio telemetry 
system to quantify the activity of individuals and estimate pheasant locations. The ultimate goal 
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of this research was to identify the factors and behaviors of hunters and prey that lead to a 
“successful” hunt. 
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METHODS 
Study Area 
 The study was conducted during the pheasant hunting season in 2013 and 2014 (Nov 1 – 
Dec 25) as a component of a larger study assessing the impact of Pheasant Habitat Areas (PHA) 
in managing the populations of grassland wildlife species in central Illinois.  Field work was 
conducted at the Sibley and Saybrook Pheasant Habitat Areas located in Ford and McLean 
Counties in central Illinois (Figure 1).  Both sites are owned and managed by the Illinois 
Department of Natural Resources (IDNR) to provide pheasant hunting opportunities to the public 
and to conserve both game and non-game species.  Before their purchase and subsequent 
restoration, both sites were used to produce a rotation of corn and soybeans.  Each site separately 
totals 260 ha.  The Sibley PHA consists of a single 260 ha farm block (Figure 2), while the 
Saybrook PHA consists of five smaller patches, ranging from 16 to 130 ha and located within a 
3-km area (Figure 3).  Currently, both sites consist of similar grassland vegetation including 
homogeneous patches of smooth brome (Bromus inermis) and switch grass (Panicum virgatum), 
native plantings of mixed grasses; including big blue stem (Andropogon gerardii), little blue 
stem (Schizachyrium scoparium), Canada wild rye (Elymus canadensis), prairie dropseed 
(Sporobolus heterolepis), and Indian grass (Sorghastrum nutans) and forbes (including frost aster 
(Symphyotrichum pilosum), compass plant (Silphium laciniatum), rattlesnake master (Eryngium 
yuccifolium), wild white indigo (Baptisia alba), purple coneflower (Echinacea purpurea), wild 
bergamot (Monarda fistulosa), gray-headed coneflower (Ratibida pinnata), prairie dock 
(Silphium terebinthinaceum), Maximillian sunflower (Helianthus maximiliani), smooth 
milkweed (Asclepias sullivantii), and goldenrod (Solidago missouriensis), and some large 
patches of Canada thistle (Cirsium arvense).  Some small, sparse shrubs and trees, including red 
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cedar (Juniperus virginiana), cottonwood (Populus deltoides), and red mulberry (Morus rubra), 
along with exotic grasses, such as foxtail (Alopecurus), are present in low densities throughout 
native plantings.  Some row-cropping of corn and soybeans continues to take place on the site to 
manage invasive species and provide food and cover for pheasants.  Land use surrounding the 
study areas is representative of Illinois’ agriculture and is dominated by corn and soybeans 
(Warner 1984) (Figure 4, Figure 5).   
 
Hunter behavior  
Each site was hunted twice per week, with the exception of the opening week, when sites 
were hunted for three days.  Hunting privileges were granted via permits, which were awarded 
by the IDNR via a lottery system.  Each site was assigned two permit holders per hunting day, 
and each permit holder was authorized to be accompanied by up to five additional hunters, for a 
maximum of four hunting parties and 24 hunters across both sites each hunting day.  The sites 
were hunted 17 days in 2013 and 16 days in 2014.  Hunters were intercepted in the field before 
their hunting day began, and I successfully intercepted an estimated 87% of all hunting parties 
(Appendix A).  Each hunter was asked to complete a brief survey before hunting to collect party 
demographic information and hunter expectations (Appendix Ba).  These data were later paired 
with environmental data and with measures of effort (time spent hunting and distance covered 
while hunting) to further investigate the factors associated with successful harvest.  At the end of 
the day, hunters were asked to complete a brief exit survey to collect subsequent measures of 
hunting success (number of pheasants seen and harvested and number of shots taken) (Appendix 
C) and measure hunter satisfaction (Appendix Bb).  In 2013, all surveys and GPS units were 
administered and collected by a technician.  In 2014, all pre-hunt surveys were administered and 
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GPS units attached by technicians, however, hunters were asked to complete exit surveys on 
their own and return all materials to a central drop point. 
Each hunting party was asked to carry two LandAirSea (Woodstock, IL) GPS units.  The 
GPS units were attached to the hunter’s vest via a carabineer clip and were used to track the 
space use of hunting parties.  This model of GPS unit was selected for its simplicity of use for 
the hunter.  There are no buttons to push or settings to adjust on the unit, and they ran constantly 
once the batteries were inserted.  The units recorded hunter locations every second during their 
hunt with a 2-m resolution.  GPS locations from off site (hunters driving between hunting areas) 
or in parking areas were removed from the final dataset.   
Gunshots were recorded using Wildlife Acoustics (Maynard, MA) brand Song Meter 2+.  
Three autonomous recorders were placed in a triangular distribution to record gunshots at each 
site (Figure 6, Figure 7).  Recorders were distributed in an attempt to maximize audio coverage.  
Each recorder employed one microphone, recording at 44.1 kHz and 16 bit rate (Celis-Murillo et 
al. 2012). Wind occasionally interfered with the ability to identify gunshots, and it was often 
impossible to identify gunshots on multiple units on windy days (days with wind consistently 
>15 mph).  When a shot was detected on all three recorders, the location of the shot was 
triangulated using custom R scripts (M. Ward and K. Stodola).  The algorithm used the speed of 
sound to determine the time of arrival at time-synced recorders.  The spatial resolution of the 
localized shots was <10 m in trials in which shotguns were fired straight up in the air at a known 
location.  However, given that shotguns were likely rarely fired directly up, and the human and 
geographic features can attenuate sound, we estimated the accuracy of the localized gun shots at 
approximately 50 m. The accuracy was assessed by information on the location of hunters (via 
the GPS units) at the time the shot was recorded, the average difference between the location of a 
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hunter and the location of a gunshot was 49.4m.  It is also likely that wind and temperature 
reduced the accuracy (sound travels at different rates under different temperatures).  All shots, 
including those not detected on all recorders, were used in analyses identifying temporal patterns 
of when shots occurred. 
 
Hunter survey data 
Using the survey data, I investigated the factors associated with a successful hunt, the 
factors associated with the number of pheasants harvested per person, and the number of pheasants 
harvested per party. The number of pheasants harvest per party was established by dividing the 
total harvest of the hunting party by the number of hunters within the party.  To control for 
differential effort, I divided the number of harvested pheasants (per individual and party) by the 
log transformation of the minutes spent hunting that day.  The log transformation was necessary 
because the amount of time a given hunter spent afield varied widely.   
I first investigate the correlations between hunter satisfaction, number of pheasants 
harvested per individual, and the number of pheasants harvested per party using linear 
regression.  I then conducted individual analyses of the factors influencing the number of 
pheasants harvested per individual, and the number of pheasants harvested per party using linear 
models and AICc with the AICcmodvag package in R (Mazerolle 2015).  In each analysis the 
independent variables included:  the presence or absence of dogs within the hunting party, the 
number of hunters within the hunting party, the number of hunters within the party who had 
previously hunted the site divided by the size of the hunting party, the amount of time hunters 
spent hunting, day of the hunting season, wind speed (mph), and precipitation (yes/no) (Table 1).  
I also used an AICc approach to understanding the factors associated with a satisfying hunt.  
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However, in this case I used information on the expectations of the hunters.  The variables used 
in this analysis were individuals harvested per log minute, group harvest per log minute, 
dysphoria (the difference between expected and actual harvest), harvest expectation, and 
temperature. Additionally, reliability tests using Cronbach's alpha were performed on the 
variables associated with satisfaction 
 
Pheasant behavior 
 Pheasants were captured via night-lighting in early spring and fall and via walk-in traps 
during the winter.  Morphological traits were measured and pheasants were affixed with a radio 
transmitter using the backpack method.  Transmitters were procured through Advanced 
Telemetry Systems (Isanti, MN) and JDJC Corp (Fisher, IL) and represented 1-3% of a typical 
pheasant’s body weight (1000 g).   
An Automated Radio Telemetry System (ARTS) was established on both the Sibley PHA 
and Saybrook PHA (Figures 8, 9).  The ARTS consisted of six automated receiving units (ARU) 
of which the six antennas for the ARU were affixed to the top of six towers at the Sibley PHA 
and seven towers at the Saybrook PHA.  Towers were placed in an attempt to maximize 
coverage of the sites.  Automated Receiving Units (ARUs) were moved between towers based on 
the availability of ARUs and on the locations of active transmitters within the sites.  Using the 
same methods as Ward and colleagues (2013, 2014) each ARU was connected to an array of six, 
three-element nighthawk Yagi antennas (JDJC corp., Fisher, IL) at the top of a tower.  I used 
rohn tower segments (25G) that were 15 m tall.  The azimuths of the six antennas were spaced 
by 60° to give 360° coverage.  Each ARU was programmed to tune at intervals of 3-5 minutes to 
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the radio frequency of each transmitter carried by a pheasant and record the strength (in dBm) 
from the six antennas (Ward et al. 2013).   
Locations of pheasants within the ARTS were estimated by intersecting bearings from 
multiple ARUs.  Bearings were generated using a custom equation used with ARUs and 
nighthawk Yagi antennas (Ward et al. 2013, 2014).  I then determined the X- and Y-coordinates 
for the intersection of the bearings from all pairwise combinations of ARUs that had produced a 
bearing for a given signal.  Finally, I used the harmonic mean of the X and Y locations from all 
pairwise coordinates to estimate the pheasant’s location (Ward et al. 2014).  The accuracy was 
determine by a series of tests in which transmitters were attached to field technicians that also 
had GPS units.  Although the accuracy of the locations varied with location, the worst accuracy 
(difference between estimated point and GPS location) was 44.8 m (Ward unpublished data).   
 Pheasant movements were delineated by changes in signal strength of 300dB or a change 
in bearing of 1.8°.  Thresholds were determined using methods provided by (Ward et al. 2013, 
2014).  This information was used to estimate pheasant activity and was measured as the number 
of movements taking place within each one-hour time period. I was interested in how movement 
behavior changed throughout the day, and over the hunting season with respect to environmental 
variables. Temperature and precipitation are known to impact the activity patterns of birds due to 
the increased exposure and greater metabolic needs during cold or hot events and times of 
extreme precipitation (Coup and Pekins 1999).  Temperature and precipitation estimates were 
gathered from the Midwest Regional Climate Center’s station in Stelle, IL.  I included 
temperature as a continuous variable and precipitation as a binary variable based on whether or 
not it rained during each one-hour time period.  All predictor variables were rescaled by 
subtracting the median value of the predictor from the observed value.   
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For each radio-tagged pheasant that died during the study period, a cause and time of 
death were estimated.  Once the transmitter and carcass of a radio-tagged pheasant were located, 
time of death was established by reviewing the associated ARU data.  A stationary transmitter is 
typified by a near constant signal strength and bearing. Thus, by working backward in time, 
identifying the last period of “normal” activity, and by identifying any sudden change in activity 
(large change in signal strength and bearing) preceding the stationary period leading to the 
recovery of the carcass, a time of death could often be narrowed to within minutes.  When 
pheasant mortalities occurred and could not be linked to hunters, I attempted to determine the 
cause of death based upon the condition of the carcass and other relevant signs, although I 
recognized that the activity of scavengers and other factors make assigning a source of mortality 
with certainty difficult (Bumann & Stauffer 2002).  During the hunting season, most hunter 
harvests were easily identified as transmitters were returned to technicians working on site.  
Occasionally, transmitters attached to roosters were not returned, and no transmitters attached to 
harvested hens were returned.  These harvests were correctly identified by locating the time of 
death within the ARU data and then comparing the time and last locations of the pheasant to the 
hunter GPS and gunshot data.  
 
Pheasant Activity 
I determined the probability of pheasant movement during one-hour time periods 
throughout the hunting season (1 November – 31 December) by combining all observations per 
individual during each one hour block.  I constrained my observations between sunrise and 
sunset as pheasants were largely inactive at night.  I was interested in how movement behavior 
changed throughout the day, over the season, with respect to temperature and precipitation, and 
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in response to the presence of hunting.  Males and females were analyzed separately given that 
only male pheasants are harvested.   
A generalized linear mixed model with a logit link and binomial distribution was used to 
investigate the probability of pheasant movement.  I used an information theoretic approach to 
investigate the influence of weather (temperature and precipitation), day during the hunting 
season, time during the day, and whether or not hunters were present.   Specifically, I compared 
model fit using Bayesian Information Criterion (BIC, Schwarz 1978, Aho et al. 2014).  Twenty-
one different models were used that included the combination of these factors and the 
interactions between hunter presence and time during the day and day during the hunting season 
(Table 2).  The weather predictor included the quadratic of temperature, as I expected pheasant 
behavior would be influenced by extreme cold and hot temperatures, along with precipitation.  
Hour during the day was included as a categorical response to control for correlated behavior 
between successive observation periods.  All models included year as a nuisance variable and 
pheasant identification was included as a random effect to control for individual variation in 
behavior. All models were fit using the glmer option in the package lme4 in R (R Development 
Core Team 2008, Bates et al. 2014) and unconditional model averaged estimates and standard 
errors (Burnham and Anderson 2002).    
 
Space use by Pheasants and Hunters 
To determine the juxtaposition of pheasants, pheasant hunters, and gunshots a raster 
based approach was used. The hunting area was converted to a 50 × 50 m grid (50 m was used 
based on the accuracy of the pheasants’ locations and gunshots).  Using the package mapplots 
v1.5 in the program R, I determined the number of times pheasants, pheasant hunters, and 
16 
 
gunshots were in the same cell for each hour from 7:00 to 13:00. The probability of pheasants 
and hunters being in the same cell was then compared over time using the nonparametric 
Kolmogorov-Smirnov test.  With this test I investigated both the probability of a hunter being in 
a cell with a pheasant, and a pheasant being in a cell with a hunter for both sexes, for both years, 
and the two sites.  Few gunshots (n = 530) were detected compared to location of hunters (n = 
199,493) and the number of pheasant locations (n = 25,766) that the probably of co-occurrence 
was so low that only pheasants and hunters were used in the analysis. There was also only one 
male, radio-tagged pheasant within the ARTS at Saybrook in 2014, so I did not include males at 
Saybrook in 2014 in the analysis. 
I investigated the space use of male pheasants, experienced hunters, and inexperienced 
hunters for each week of the hunting season in 2013 and 2014.  The goal of this analysis was to 
determine if hunter experience resulted in a greater likelihood of being near pheasants (in this 
case radio-tagged pheasants).  The average amount of experience per hunting party was 0.25 (1 
in 4 hunters had previous hunting experience at the site).  Therefore I classified inexperienced 
hunters as part of hunting parties with 0.25 experience or less and those parties with more than 
0.25 as experienced hunters.  Only data from Sibley was used because the ARU coverage of 
Saybrook was poorer and there were fewer radio-tagged pheasants.  I used the R package 
AdehabitatHR to determine the 95% kernel home range for the pheasants, inexperienced hunters, 
and experienced hunters.  The plug-in method was used to determine the smoothing parameters 
for utilization distribution (Ward et al. 2013).  I then used the R package PBSmapping to 
determine the amount of overlap between the 95% kernels for pheasants and experienced or 
inexperienced hunters.  Finally, the overlap (ha) for each week of the hunting season was 
estimated. 
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RESULTS 
Hunter Behavior 
Across the 33 hunting days (both 2013 and 2014), 364 hunters in 91 hunting parties were 
interviewed, this represented approximately 87% of all hunting parties (Appendix A).  Hunters 
were in the field for 31,196 minutes and the hunters covered 927,806 m.  Mean amount of time 
spent hunting at a site was 207 minutes (SE=7.98) and mean distance traveled was 6,144 meters 
(SE=268.81) (Table 3).   
Hunter effort (minutes spent hunting) increased during the early morning hours and 
peaked between 10:00 AM and 11:00AM.  After 11:00 AM, hunter effort steadily declined 
throughout the day, and the majority of all hunter effort took place during morning hours.  The 
number of shots taken by hunters followed a similar pattern, with shooting increasing hourly in 
the early morning and the most shots taking place between 10:00 AM and 11:00AM.  After 
10:00 AM, the number of shots taken declined at a similar rate as hunter effort (Figure 10). 
Of all hunters surveyed, 59% were satisfied with the number of pheasants they harvested, 
48% were satisfied with the number of pheasants the party harvested, and 75% were satisfied 
with their hunt (Table 4).  Similarly, 96% rated the quality of pheasant habitat between good and 
excellent, while 78% described the number of pheasants seen between good and excellent, and 
87% described the quality of their hunt between good and excellent (Table 5). 
Hunter satisfaction, the number of pheasants harvested per person, and the number of 
pheasants harvest per party were correlated with each other; however, the R2 values suggest that 
the variables only explain approximately 33% of the variation (Figures 11, 12, 13).  Cronbach's 
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alpha values for the satisfaction survey were high (0.91) indicating a great consistency among 
the variables associated with hunter satisfaction (Table 6). 
The factors that explained individual and group harvest were nearly the same (Tables 7, 
8).  In both analyses the top model (the two model with delta AIC scores less than 2) included 
the presence of dogs, the size of the hunting party, the previous experience of hunters in the 
party, the amount of hunting effort, and climatic factors. The factors that explained hunter 
satisfaction were associated with the number of pheasants harvested by the party, their 
expectations for the hunt, and the temperature during the hunt (Table 9).  
 
Pheasant Behavior  
In 2013, 26 hens and 27 roosters were radio-tagged across both sites.  Of these, three 
hens (11.5%) and 13 roosters (48.1%) were harvested.  In 2014, 19 hens and 18 roosters were 
radio-tagged across both sites.  Of these, 0 hens and 11 roosters (61.1%) were harvested.  In 
total, 53.3% of all roosters were harvested during the study period.  Four (7.69%) radio-tagged 
pheasants died from non-hunting causes, most likely predation (Table 10). 
 Male pheasant behavior was best explained by the model that included temperature, 
precipitation, hour, day during the hunting season, whether or not hunters were present, and the 
interaction between the presence of hunters and day during the hunting season, although there 
was some uncertainty about the importance of the seasonal interaction with hunting (Table 11).  
Female behavior, on the other hand, was more uncertain (Table 12).  The top seven models 
describing female movement behaviors were all within four BIC units (Table 12). Hour during 
the day and weather were the most important predictors of female movement, as indicated by 
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their presence in most of the top models, while hunting pressure on female pheasant behavior 
being more equivocal (Table 12).    
Males were more active than females, moving on average 48% of the time during an 
hour, while females moved 28% percent of the time.  Both males and females increased their 
activity throughout the day (Figures 14 A, B).  Temperature had a much greater effect on male 
pheasant behavior than it did on female pheasant behavior, with males generally moving more 
with warming temperatures (Figures 15 A, B). Precipitation decreased the probability of 
movement of both males and females, with males being 1.13 times less likely to move with 
precipitation and females being 1.05 times less likely.  Finally, female behavior did not appear to 
change during the hunting season or with respect to hunting (Figure 16A), while males were 
more likely to move later in the hunting season with the presence of hunters depressing 
movement more during the early part of the season in comparison to late.   
 
Juxtaposition of Hunters and Pheasants 
The probability of hunters being within 50 m of a pheasant (i.e., within the same raster 
cell) was the same across all time periods during hunting days, roughly 10% for all time periods.  
There was no significant difference between years (P > 0.28), sites (P > 0.09), or sexes (P > 
0.66) with the exception of female pheasants at Sibley in 2013 whose probability of proximity to 
hunters over time was different than that of males at the site in 2013 (P = 0.02).  While the 
probability of a hunter being within 50 m of a pheasant did not change between 7:00 and 13:00, 
there was a stark difference in terms of a pheasant’s proximity to hunters.  In all cases, the 
probability of a pheasant being near a hunter was different from that of a hunter being near a 
pheasant (P < 0.03) (Figure 17, 18).   
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 The 95% home range kernel for radio-tagged male pheasants (2013 n= 10, 2014 n= 6) 
was on average 120.6 ha (SE= 15.1), while the 95% kernel for inexperienced hunters was 123.7 
(SE= 14.0) ha, and for experienced hunters it was 134.4 (SE= 10.9) ha. The amount of overlap 
between the 95% kernel of male pheasants and inexperienced hunters was on average 46.9%, 
while the percent overlap of male pheasants and experienced hunters was 58.8% (Figure 19).  On 
average experienced hunters covered 21.0 ha more area with radio-tagged male pheasants on a 
given day than inexperienced hunters. 
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DISCUSSION 
The number of pheasants harvested per person or by the hunting party is affected by 
several factors.  However large hunting parties (parties with 6 hunters), with at least one dog, 
with previous experience at the site, little wind, and no precipitation generally resulted in the 
greatest chance of harvesting pheasants. While many factors influence whether hunters were 
satisfied with a hunt (group success, temperature, etc.) there was a significant correlation 
between satisfaction and the number of pheasants harvested.  
The space use of experienced and inexperienced hunters compared to the radio tagged 
pheasants supports the finding that experienced hunters were spending more time in areas with 
pheasants.  Despite this, it also appeared that the probability of a pheasant coming within 50 m of 
a hunter was more the function of the pheasant’s behavior than that of the hunter’s.  The 
probability that a hunter came into contact with a pheasant remained approximately constant all 
day, while the probability that a pheasant encountered a hunter peaked around 9:00 AM.  This 
also coincided with the greatest peak in hourly shot totals, indicating that these encounters led to 
the most shooting by hunters.  Pheasant activity during the hunting season increased throughout 
the day.  The effort of hunters was largely concentrated in the morning, and, while this effort 
coincided with a morning increases in pheasant activity, it did not coincide with peak pheasant 
activity in the afternoon.  This suggests that hunters may be missing the best opportunity to 
harvest pheasants by ending their hunt earlier in the day.  Alternatively, pheasants may be 
responding to the presence of hunters and are most active when hunters are largely absent from 
the areas. 
Four previous studies similarly examined the interaction between hunters and game 
species; three examined the behavior of ungulate hunters using GPS, relating hunter effort and 
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space use to terrain, habitat features, and harvest locations, and also incorporated hunter 
characteristics (e.g., experience and age) collected via surveys (Lyon & Burcham 1998; Stedman 
et al. 2008; Lebel et al. 2012).  A fourth study similarly examined hunters using GPS but also 
attached hand-tracked radio transmitters to Willow Ptarmigan (Lagopus lagopus), the target 
game species (Brøseth & Pedersen 2000).  All of these studies found similar patterns linking 
hunter effort and the visibility of game animals (the hunter’s ability to see them) to successful 
hunts, and all three studies of ungulate hunters found differences in space use between 
experienced and inexperienced hunters.  My findings on hunter behavior were similar, as it is 
clear that hunter controlled variables play a strong role in predicting success.  The amount of 
effort by hunters and their previous site experience were associated with harvesting pheasants, as 
these emerged as drivers in all the top models explaining hunting success and match this pattern 
of effort and location leading to results.  I also found a similar link between the visibility of game 
animals and harvest, as trends in shooting followed the activity of pheasants (Figure 17), when 
pheasants encountered hunters more frequently. 
There was remarkable consistency between sites, sexes, and years in terms of the 
probability of pheasants and hunter being within 50 m of each other (raster analysis).  The stark 
difference in the probability of co-occurrence between the pheasant perspective and the hunter 
perspective (Figure 17) is due to the difference in the number of hunters and pheasants and to the 
activity patterns of both pheasants and hunters.  At a given point in time there are either one or 
two hunting parties.  While in some cases parties had two GPS trackers, often a party occupied 
only one raster cell at one point in time.  Hunters exhibited the greatest effort (gunshots per hour) 
and time spent hunting (Figure 10) in the mid-morning hours (9:00 and 10:00).  Therefore from 
the hunter’s perspective we expected that the probability of being near pheasants would increase 
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with effort.  However, hunters were rapidly moving among cells and covering a much greater 
area than a pheasant.  While hunters likely were moving at random early in the morning (before 
9:00), pheasants were generally not active.  From the activity analysis we know that pheasants 
increase activity through the day during the hunting season.  Assuming pheasants were stationary 
and hunters were moving at random, hunters were constantly moving toward and away from 
pheasants and their probability of being near a pheasant remained constant regardless of effort.  
However, as the day progressed, the pheasants begin to move.  Pheasants often would roost in a 
handful of cells and once they became active (or potentially flushed by hunters), the pheasants 
would use other cells more frequently.  I suggest that the increase in the probability of pheasants 
encountering hunters is due to their increased activity.  The subsequent decline in proximity of 
pheasants to hunters (11:00 to 14:00) was most likely due to hunters leaving the sites even 
though pheasants continued to become more active over time. Given the data on the proximity of 
hunters to pheasants and pheasants to hunters, I believe that the co-occurrence of pheasants and 
hunters was driven by pheasant activity and by when hunters chose to stop hunting.  It is likely 
that if hunters continued to hunt in the early afternoon, increasing pheasant activity would have 
resulted in an increase in co-occurrence. I tried to control for hunters leaving the site to 
determine if the probability of pheasants encountering hunters continued to increase when 
controlling for hunters that quit, however the data limited this analysis. The one hour resolution 
may also be too coarse, and when hunters returned to their vehicles, they typically walked in 
areas not frequented by pheasants (along roads or edges).  Thus, the decline in co-occurrence 
later in the day may be an artifact of hunter behavior. These results suggest that pheasant hunting 
later in the day may result in more successful hunts due to the increased activity of pheasants. 
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Implications 
These results have several management implications.  Similar to the findings of Brøseth 
and Pedersen (2000), four of the variables contributing to hunter success (effort, experience, 
dogs, and party size) are within the control of the hunter, and thus it may be possible to increase 
hunter success through education.  Encouraging the use of dogs, larger hunting parties, longer 
hunting days, and seeking advice from experienced hunters can not only lead to greater success, 
but it can also create a stronger hunting community and culture.  Certainly, hunters cannot 
control the activity of pheasants, but they can more strategically time their hunts and invite 
experienced hunters (if they are inexperienced), and use a dog.  Given that pheasant activity 
during the hunting season increases throughout the day, hunters may be able to maximize the 
return on their effort by targeting the peak in pheasant activity that takes place in the afternoon, 
and managers can increase hunter knowledge by sharing this information.  Pheasant hunters are 
one of the most specialized groups of hunters in the United States, meaning many pheasant 
hunters acquire advanced skill and knowledge in hunting pheasants which positively benefits 
their ability to harvest pheasants (Miller & Graefe 2010).  Improving hunter knowledge and 
performance in all of these areas should positively influence the success of the hunting party.  
Given the importance of small game in hunter recruitment and retention (Enck et al. 2000), 
increasing hunter success may lead to improvement in those areas.  In practical terms, this means 
more contributions to management through licenses sold, more money spent in local economies, 
and more enthusiasm for the creation of similar habitat areas.  This creates an opportunity to 
reverse the negative feedback loop and create a positive cycle, driven by hunters who can 
improve their own experience by contributing to the success of the community.  Over 2 years, an 
astounding 87% of all hunters using these pheasant habitat areas rated the quality of their hunt as 
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good to excellent (Table 5), while only 12% were not satisfied with their hunt (Table 4).   The 
interaction between hunters and game species is complex, being driven by the behaviors of both 
in response to one another and to environmental factors.  By understanding these factors we can 
better inform hunters about how to successfully harvest pheasants. 
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SUMMARY 
The number of pheasants harvested per person or by the hunting party is affected by 
several factors.  However, large hunting parties (parties with 6 hunters), with at least one dog, 
with previous experience at the site, little wind, and no precipitation generally had the greatest 
chance of harvesting pheasants. While many factors influence whether hunters were satisfied 
with a hunt (group success, temperature, etc.) there was a significant correlation between 
satisfaction and the number of pheasants harvested.  Hunter effort (minutes spent hunting) and 
the number of shots taken by hunters increased during the early morning hours and peaked 
between 10:00 AM and 11:00AM.  After 11:00 AM, hunter effort and shots steadily declined 
throughout the day, and the majority of all hunter effort and shooting took place during morning 
hours.   
 Male pheasants were more active than females, and male pheasant behavior was 
best explained by several factors, including temperature, precipitation, hour, day during the 
hunting season, whether or not hunters were present, and the interaction between the presence of 
hunters and day during the hunting season.  Female behavior, on the other hand, was more 
uncertain, and hour during the day and weather were the most important predictors of female 
movement.  Precipitation decreased the probability of movement of both males and females.  
Female behavior did not appear to change during the hunting season, while males were more 
likely to move later in the hunting season with the presence of hunters depressing movement 
more during the early part of the season in comparison to late.   
The probability of hunters being within 50 m of a pheasant (i.e., within the same raster 
cell) was the same across all time periods during hunting days, roughly 10% for all time periods.  
While the probability of a hunter being within 50 m of a pheasant did not change between 7:00 
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and 13:00, there was a stark difference in terms of a pheasant’s proximity to hunters.  In all 
cases, the probability of a pheasant being near a hunter was different from that of a hunter being 
near a pheasant.  Male pheasants and inexperienced hunters overlapped in space use less than 
male pheasants and experienced hunters, indicating experienced hunters were spending more 
time in areas with pheasants.   
The probability that a pheasant encountered a hunter peaked around 9:00 AM.  This also 
coincided with the greatest peak in hourly shot totals, indicating that these encounters led to the 
most shooting by hunters.  Pheasant activity during the hunting season increased throughout the 
day.  The effort of hunters was largely concentrated in the morning, and, while this effort 
coincided with a morning increases in pheasant activity, it did not coincide with peak pheasant 
activity in the afternoon.  This suggests that hunters may be missing the best opportunity to 
harvest pheasants by ending their hunt earlier in the day.  Alternatively, pheasants may be 
responding to the presence of hunters and are most active when hunters are largely absent from 
the areas. 
The co-occurrence of pheasants and hunters was most likely driven by pheasant activity 
and by when hunters chose to stop hunting.  It is likely that if hunters continued to hunt in the 
early afternoon, increasing pheasant activity would have resulted in an increase in co-occurrence.  
These results suggest that pheasant hunting later in the day may result in more successful hunts 
due to the increased activity of pheasants.  In addition pairing inexperienced hunters with 
experienced hunter and using dogs should increase the probability of harvesting a pheasant. 
From the pheasant’s perspective their behavior appears to be impacted by the presence of 
hunters, though the probability of an individual pheasant being with 50m of a hunter was 
relatively low. 
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TABLES AND FIGURES 
 
Table 1. List of variable used in the AIC analysis of the factors affecting harvest (A) and 
satisfaction (B). 
 
A 
Variable Definition 
Dogs The presence of at least one dog in the hunting party 
Party Size The number of hunters in the hunting party 
Day Day within the hunting season 
Effort Log transformation of the minutes spent hunting that day 
Experience 
The number of hunters within the party who had previously hunted the site 
divided by the size of the hunting party 
Wind The wind speed (mph) 
Precip The presence of precipitation (yes/no) 
 
B 
Variable Definition 
Group Harvest  
The number of pheasants harvested by the party per the log of the 
number of minutes spent hunting 
Individual Harvest 
The number of pheasants harvested by an individual per the log of the 
number of minutes spent hunting 
Expectation Average expectation derived from the survey (1-5) 
Dysphoria 
The difference between the expected harvest (as determine from the 
survey) and the actual harvest 
Temp Temperature the day of the hunt 
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Table 2. List of variable using in the analysis of pheasant activity during the hunting season. 
 
 
Variable Definition 
Weather 
Quadratic of temperature and whether or not 
precipitation occurred during the hour 
Hour 
Hour of the day, treated as a categorical 
variable to account for the discrete time 
periods 
Day Day of the hunting season 
Hunting Whether or not hunters were present 
 
 
 
 
 
 
 
 
Table 3.  Hunters surveyed in 2013-2014. 
 
 
Year 
Hunters 
Surveyed 
Hunting 
Parties 
Mean Distance 
Walked (m) (SE) 
Total 
Distance 
Walked (m) 
Mean Time 
Hunting 
(min.) (SE) 
Total 
Time 
Hunting 
(min.) 
2013 178 47 6,263 (384.02) 494,791 197 (10.23) 15,583 
2014 186 43 6,014 (376.75) 433,016 217 (12.38) 15,613 
Total 364 90 6,144 (268.81) 927,806 207 (7.98) 31,196 
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Table 4:  Post-hunt measure of hunter satisfaction with the number of pheasants harvested (per 
individual and party) and overall satisfaction with the hunt. 
 
 
 
Strongly 
Disagree 
Disagree 
Neither Agree 
nor Disagree 
Agree 
Strongly 
Agree 
I was satisfied with the 
number of pheasants I 
harvested. (n=317) 
12.93% 10.09% 18.30% 18.93% 39.75% 
I was satisfied with the 
number of pheasants my 
party harvested. (n=358) 
8.66% 24.02% 19.55% 15.08% 32.68% 
I was satisfied with my 
hunt at this site. (n=331) 
3.02% 9.06% 12.69% 25.98% 49.24% 
χ2 = 80.1122, P <0.001 
 
 
 
Table 5:  Post-hunt measure of hunter satisfaction rating the quality of habitat, pheasant 
numbers, and of the hunt from Poor to Excellent. 
 
 
 Poor Fair Good 
Very 
Good 
Excellent 
Overall, how would you 
describe the quality of 
pheasant habitat at this 
site? (n=317) 
0.95% 2.84% 13.88% 29.02% 53.31% 
Overall, how would you 
describe the number of 
pheasants you saw? 
(n=347) 
4.61% 17.29% 17.00% 26.80% 34.29% 
Overall, how would you 
describe the quality of 
your hunt at this site? 
(n=337) 
1.19% 11.87% 18.10% 27.60% 41.25% 
χ2 = 61.1174, P<0.001 
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Table 6:  Cronbach’s Alpha analysis of 6 variables measuring hunter satisfaction.  Reliability 
statistics were derived through post-hunt intercept surveys (A).  Variables included satisfaction 
with the number of pheasants the hunter harvested (SatPheas), satisfaction with the number of 
pheasants the party harvested (SatHarv), overall satisfaction with the hunt (SatHunt), quality of 
the pheasant habitat on the site (QualHab), number of pheasants seen (PheasSaw), and quality of 
the hunt (QualHunt).  All item total statistics were measured on a 1-5 scale.   
 
 
A) 
Reliability Statistics 
Cronbach's 
Alpha 
Cronbach's Alpha Based 
on Standardized Items 
N of Items 
0.901 0.905 6 
 
B) 
Item Total Statistics 
 
Scale Mean if Item 
Deleted 
Scale 
Variance if 
Item 
Deleted 
Corrected 
Item-Total 
Correlation 
Squared 
Multiple 
Correlation 
Cronbach's 
Alpha if Item 
Deleted 
SatPheas 20.01 21.509 0.734 0.705 0.886 
SatHarv 20.04 21.285 0.796 0.756 0.874 
SatHunt 19.44 23.986 0.794 0.649 0.876 
QualHab 19.33 27.26 0.538 0.448 0.909 
PheasSaw 19.79 23.217 0.747 0.683 0.881 
QualHunt 19.56 23.846 0.835 0.76 0.871 
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Table 7.  Ranking of models for pheasant harvest per person. Predictors included the number of 
hunters within the hunting party that previously hunted at the site divided by the size of the party 
(Experience), the log transformation of time spent hunting (Effort), the number of hunters within 
the party (Party Size), wind speed (Wind), day of the hunting season (Day), presence or absence 
of dogs (Dogs), and precipitation (Precip). Only the models with weights greater than zero are 
shown. 
 
 
Model K AICc ΔAICc wi 
Dogs + Party Size + Day + Effort + Experience + Wind 8 214.68 0 0.47 
Dogs + Party Size + Day + Effort + Experience + Wind + 
Precip 
9 216.07 1.39 0.24 
Party Size + Day + Effort + Experience + Wind + Precip 8 216.31 1.63 0.21 
Dogs + Day + Effort + Experience + Wind + Precip 8 219.24 4.56 0.05 
Dogs + Party Size + Day + Effort + Experience + Precip 8 221.04 6.36 0.02 
Dogs + Party Size + Day + Experience + Wind + Precip 8 222.48 7.80 0.01 
 
Null Hypothesis. Only the models with weights greater than zero are shown. 
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Table 8.  Ranking of models for pheasant harvest per party. Predictors included the number of 
hunters within the hunting party that previously hunted at the site divided by the size of the party 
(Experience), the log transformation of time spent hunting (Effort), the number of hunters within 
the party (Party Size), wind speed (Wind), day of the hunting season (Day), presence or absence 
of dogs (Dogs), and precipitation (Precip). Only the models with weights greater than zero are 
shown. 
 
 
Model K AICc ΔAICc wi 
Dogs + Party Size + Day + Experience + Wind + Precip 8 458.84 0 0.73 
Dogs + Party Size + Day + Effort + Experience + Wind 
+ Precip 
9 460.89 2.04 0.26 
Dogs + Party Size + Day + Effort + Experience + Wind 8 469.09 10.24 0.01 
 
 
 
 
 
Table 9.  Ranking of models for hunter satisfaction. Predictors included the number of pheasants 
harvested per individual (controlling for amount of effort) (Ind Harvest), the number of 
pheasants harvested per group (controlling for amount of effort) (Group Harvest), the difference 
between expected and actual harvest (Dysphoria), the expectation of the hunter (Expectation), 
and the temperature the day of the hunt (Temp). Only the models with weights greater than zero 
are shown. 
 
 
Model K AICc ΔAICc wi 
Group Harvest + Expectation + Dysphoria + Temp 6 610.95 0 0.72 
Group Harvest + Individual Harvest +Expectation + 
Dysphoria + Temp 
7 612.98 2.04 0.26 
Group Harvest + Expectation + Dysphoria 5 620.60 7.57 0.02 
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Table 10.  Pheasants carrying transmitters and either harvested or killed by other causes during 
the hunting season by site, 2013-2014. 
 
 
   Sibley Saybrook 
2
0
1
3
 
Hens Tagged 17 9 
Hens Harvested 3 0 
Hens Killed 
(non-harvest) 
3 0 
Roosters 
Tagged 
14 13 
Roosters 
Harvested 
5 8 
Roosters Killed 
(non-harvest) 
0 0 
2
0
1
4
 
Hens Tagged 12 7 
Hens Harvested 0 0 
Hens Killed 
(non-harvest) 
0 0 
Roosters 
Tagged 
9 9 
Roosters 
Harvested 
5 6 
Roosters Killed 
(non-harvest) 
1 0 
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Table 11. Comparison of candidate models describing male pheasant behavior during the 
hunting seasons (1 November – 31 December) of 2013 and 2014.  Models included Weather, 
Hour during the day, Day, and Hunting.  In addition, all models included year as a fixed effect.  
Number of model parameters (K), model deviance, Bayesian Information Criterion (BIC), 
difference in BIC from the top model (ΔBIC), and the BIC weight of evidence (wi) are included.  
Only models with weights greater than zero are shown. 
 
 
Model K Deviance BIC ΔBIC wi 
Weather + Hour + Day + Hunting + 
Day*Hunting 
18 47917.4 48080.5 0 0.81 
Weather + Hour + Day + Hunting 17 47929.3 48083.4 2.9 0.19 
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Table 12. Comparison of candidate models describing female pheasant behavior during the 
hunting seasons (1 November – 31 December) of 2013 and 2014.  Models included Weather, 
Hour during the day, Day, and Hunting.  In addition, all models included year as a fixed effect.  
Number of model parameters (K), model deviance, Bayesian Information Criterion (BIC), 
difference in BIC from the top model (ΔBIC), and the BIC weight of evidence (wi) are included.  
Only models with weights greater than zero are shown. 
 
 
Model K Deviance BIC ΔBIC wi 
Weather + Hour + Day+ Hunting + 
Day*Hunting 
18 42450.5 42612.4 0 0.25 
Weather + Hour 15 42477.7 42612.6 0.2 0.23 
Weather + Hour + Hunting 16 42469 42612.8 0.4 0.21 
Weather + Hour + Day 16 42469.7 42613.6 1.2 0.14 
Hour 12 42506.9 42614.8 2.4 0.08 
Weather + Hour + Day + Hunting 17 42462.4 42615.3 2.9 0.06 
Hour + Hunting 13 42499 42615.9 3.5 0.04 
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Figure 1.  Land cover map of Illinois, including counties where study sites were located (Ford 
and McLean) during the summers of 2013 and 2014.  Dots indicate where sites were located in 
each county. 
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Figure 2.  Sibley Pheasant Habitat Area in Ford County, IL with site boundary. 
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Figure 3.  Saybrook Pheasant Habitat Area in McLean County, IL with site boundary. 
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Figure 4.  Sibley Pheasant Habitat Area site and surrounding land cover. 
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Figure 5.  Saybrook Pheasant Habitat Area site and surrounding land cover. 
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Figure 6.  Sibley Pheasant Habitat Area in Ford County, IL with audio recorders. 
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Figure 7.  Saybrook Pheasant Habitat Area in McLean County, IL with audio recorders. 
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Figure 8.  Sibley Pheasant Habitat Area in Ford County, IL with radio towers constituting the 
Automated Radio Telemetry System (ARTS). 
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Figure 9.  Saybrook Pheasant Habitat Area in McLean County, IL with radio towers constituting 
the Automated Radio Telemetry System (ARTS). 
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Figure 10.  Total minutes spent hunting and shots taken by hunters for each hour of the day 
2013-2014. 
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Figure 11. The correlation between hunter satisfaction and the number of pheasants harvested by 
an individual per log minute of hunting.   
R² = 0.277
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Figure 12. The correlation between hunter satisfaction and the number of pheasants harvested by 
a hunter party per log minute of hunting. 
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Figure 13. The correlation between the number of pheasants harvested by a hunter party and the 
number of pheasants harvested by an individual. 
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Figure 14. The probably of hunters and pheasants being in the same 50 x 50 m cell from 7:00 to 
14:00.  The figure includes both male and female pheasants at both sites across both years as the 
probability distributions did not vary. 
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A       B 
 
 
 
Figure 15. Model averaged population level predictions for female (A) and male (B) pheasant 
movements per hour over the course of the day during the hunting season. Error bars represent 
95% confidence intervals. 
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A       B   
 
 
 
Figure 16 Model averaged population level predictions for female (a) and male (b) pheasant 
movements per hour with respect to increasing temperature. Error bars represent 95% confidence 
intervals. 
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Figure 17. Model averaged population level predictions for female pheasant movements per 
hour with respect to date during the season and hunting pressure. Error bars represent 95% 
confidence intervals. 
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Figure 18.  Percent overlap between the 95% kernel for male pheasants and the 95% kernel of 
inexperienced and experienced hunters. 
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Figure 19. The raster map for one day at Sibley.  The bright yellow cells are where only hunters 
were present, the red cells are where pheasants were present, and the dark red cells contained 
both hunters and pheasants. 
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Figure 20.  Percent overlap between 95% kernel of inexperienced and experienced hunters. 
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Appendix A.  Mean number of hunting parties and hunters per party 2013-2014. 
 
Year 
Hunters 
Surveyed 
Hunting 
Parties 
Mean Party Size 
(Standard Error) 
Mean Parties per Day 
(Standard Error) 
2013 178 47 4.19 (0.24) 3 (0.30) 
2014 186 43 5.05 (0.15) 3 (0.23) 
Total 364 90 4.59 (0.15) 3 (0.19) 
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Appendix B.  Pre-hunt (A) and post-hunt (B) intercept survey administered 2013-2014. 
 
 
A       B 
 
 
 
 
  
62 
 
Appendix C.  Complete list of variables tested for significant correlation to hunter success as 
correlated to the dependent variable (Harvest per Person). 
 
Variable Method 
Harvest per Person 
Number of pheasants harvested by the party divided by the 
number of hunters within the hunting party. 
Day Day of the hunting season (1-17) 
Time Spent Hunting 
Total number of minutes spent hunting on a study site as 
determined by hunter carried GPS units.  GPS locations from off 
site or in parking areas were removed from the final dataset. 
Total Distance 
Total distance walked while hunting on the study site as 
determined by hunter carried GPS units.  GPS locations from off 
site or in parking areas were removed from the final dataset. 
Total Dogs Total number of dogs used by the hunting party. 
Dogs per Person 
Total dogs divided by the number of hunters within the hunting 
party. 
Dogs 1+ 
Categorized as parties with zero dogs and parties with one or 
more dogs. 
Dogs 2+ 
Categorized as parties with zero or one dogs and parties with 
two or more dogs. 
Total Shots 
Total number of shots taken by all hunters within the hunting 
party as reported in the hunter exit survey. 
Total Group Site 
Experience 
Cumulative score rating previous site experience for the entire 
hunting party.  Each hunter who had previously hunted the site 
at least once was given an individual value of 1. 
Site Experience per 
Person 
Total group site experience divided by the number of hunters 
within the hunting party 
Experience 1+ 
Categorized as parties without any hunters who had previously 
hunted the site and parties with one or more hunters who had 
previously hunted the site. 
Experience 2+ 
Categorized as parties with zero or one hunter who had 
previously hunted the site and parties with two or more hunters 
who had previously hunted the site. 
Party Size Size of the hunting party (1-6 hunters). 
Expected Pheasants 
Expectation that the hunter will see more pheasants here than at 
other sites (1-5; measured during pre-hunt intercept survey). 
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Appendix C continued.  
Variable Method 
Expected Shots 
Expectation that the hunter will take more shots here than at 
other sites (1-5; measured during pre-hunt intercept survey). 
Expected Hunters 
Expectation that the hunter will compete with fewer other 
hunters for pheasants on the site (1-5; measured during pre-hunt 
intercept survey). 
Expected Harvest 
Expectation that the hunter will harvest more pheasants here 
than at other sites (1-5; measured during pre-hunt intercept 
survey). 
Expected Satisfaction 
Expectation that the hunter will be satisfied with his or her hunt 
at this site (1-5; measured during pre-hunt intercept survey). 
My Success 
Number of pheasants the hunter must harvest to be satisfied with 
his or her hunt (0,1,2); measured during the pre-hunt intercept 
survey). 
Party Success 
Number of pheasants the party must harvest for the hunter to be 
satisfied with his or her hunt (0,1-3,4-7,8-10,11+; measured 
during the pre-hunt intercept survey). 
Party Harvest Number of pheasants harvested by the entire hunting party. 
My Harvest 
Number of pheasants harvested by each member of a hunting 
party. 
Hens Seen Number of hens seen by the hunting party. 
Hens Seen per Person 
Number of hens seen by the hunting party divided by the 
number of hunters within the hunting party. 
Roosters Seen Number of roosters seen by the hunting party. 
Roosters Seen per Person 
Number of roosters seen by the hunting party divided by the 
number of hunters within the hunting party. 
Temperature Maximum daily temperature in Celsius. 
Wind mph 
Top wind speed recorded during the hunting day in miles per 
hour. 
Precipitation Presence or absence of precipitation during the hunting day. 
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Appendix D.  List of 6 variables identified as significantly correlated and biologically 
meaningful to the dependent variable (Harvest per Person). 
 
 
Variable Method 
Harvest per Person 
Number of pheasants harvested by the party divided by the number of 
hunters within the hunting party. 
Day Day of the hunting season (1-17) 
Time Spent Hunting 
Total number of minutes spent hunting on a study site as determined by 
hunter carried GPS units.  GPS locations from off site or in parking areas 
were removed from the final dataset. 
Dogs 1+ Categorized as parties with zero dogs and parties with one or more dogs. 
Site Experience per Person 
Total group site experience divided by the number of hunters within the 
hunting party 
Party Size Size of the hunting party (1-6 hunters). 
Wind mph Top wind speed recorded during the hunting day in miles per hour. 
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Appendix E.  One-way ANOVAs of the top variables explaining hunting success (pheasants 
harvested per person). 
 
 
Variable F 
Model 
df 
Error 
df 
P 
Previous Site Experience per Person 73.88 1 139 < 0.001 
Time Spent Hunting 14.34 1 135 < 0.001 
Party Size 6.18 1 139 0.014 
Day of the Hunting Season 10.22 1 139 0.002 
Wind Speed (mph) 4.77 1 139 0.031 
Dogs 1+ 11.69 1 139 0.001 
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Appendix F.  Linear regressions used to identify intrinsic and extrinsic independent variables 
that were biologically meaningful and significantly correlated with the dependent variable 
(Harvest per Person); including previous site experience (a), time spent hunting in minutes (b), 
size of the hunting party (c), day of the hunting season (d), wind speed in miles per hour (e), 
hunting parties with one or more dogs and without dogs (f), and the boxplot representing the 
variation between hunting parties with one or more dogs and without dogs. 
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Appendix F continued. 
 
(c) 
 
 
(d)  
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Appendix F continued. 
 
(e)  
 
 
(f)  
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Appendix F continued. 
 
(g) 
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Appendix G.  One-way ANOVAs used to illustrate the relationship between roosters seen and 
harvest per person via the 6 variables that best explain harvest. 
 
 
Variable F Model df Error df P 
Harvest per Person 20.03 1 139 < 0.001 
Previous Site Experience per Person 0.74 1 138 0.390 
Time Spent Hunting 15.31 1 134 < 0.001 
Party Size 6.78 1 138 0.010 
Day of the Hunting Season 9.99 1 138 0.002 
Wind Speed (mph) 0.23 1 138 0.635 
Dogs 1+ 0.54 1 138 0.464 
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Appendix H.  One-way ANOVAs used to illustrate the relationship between hens seen and 
harvest per person via the 6 variables that best explain harvest. 
 
 
Variable F Model df Error df P 
Harvest per Person 0.89 1 137 0.347 
Previous Site Experience per Person 0.40 1 138 0.530 
Time Spent Hunting 5.10 1 134 0.026 
Party Size 5.51 1 138 0.020 
Day of the Hunting Season 0.94 1 138 0.333 
Wind Speed (mph) 2.29 1 138 0.133 
Dogs 1+ 1.58 1 138 0.211 
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Appendix I.  One-way ANOVAs used to illustrate the relationship between the total number of 
shots taken by a hunting party and harvest per person via the 6 variables that best explain 
harvest. 
 
 
Variable F Model df Error df P 
Harvest per Person 51.85 1 137 < 0.0013.61E-11 
Previous Site Experience per Person 8.01 1 138 0.005 
Time Spent Hunting 13.07 1 135 < 0.001 
Party Size 31.81 1 138 < 0.001 
Day of the Hunting Season 10.35 1 139 0.002 
Wind Speed (mph) 14.21 1 139 < 0.001 
Dogs 1+ 1.427 1 139 0.234 
 
 
 
